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Abstract : The metal complex dyes that are mainly used for good color fastness in dyeing amide fibers with
highly concentrated colors usually contain toxic chromium. The remaining dye in th dyebath containing cr™
causes not only environmental problems but also serious damages to human health. In this study, we applied
reactive dyestuff for dyeing wool and nylon in order to substitute heavy metal dyestuff. The dyeing properties
of reactive dyestuff in fibers as well as their absorption rates and fastness according to color concentration were
investigated. By analyzing the quantity of heavy metals and toxic amine of reactive dyestuff, we investigated
their harmfulness trends quantitatively. By comparing the reactive dyes with traditional metal complex dyes,
we fried to find out the possibility of the reactive dye being a clean dyes in the future.
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Table 1. Amount of sea-dumped wastes
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Year 1990 2000 2001

2002 2003 2004 2005 2006

Amount of waste

1 1
1,000m) ,069 7,104 7,67

8,475 8,874 9,749 9,929 8,812

Table 2. Amount of waste water and sludge from Banwol Dyeing Enterprise Co.

Year 2003 2004 2005 2006 2007 2008

Amount of waste water (ton) | 22,843,259 22,540,538 20,996,127 22,765,150 23,234,820 22,323,950
Amount of sludge (ton) 64,254 63,533 52,521 53,465 51,395 47,478
Cost of treatment (10°%) 1,991 1,969 1,680 1,711 1,645 1,709

3 Sludge treatment cost :

31,000 won/ton (2003~2004), 32,000 won/ton (2005~2007), 36,000 won/ton (2008).



Table 3. Metal complex dyestuff used in the experiment
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User Silk Korea Co. (silk)
S1 S2 S3 $4
Dyestuff
Yellow CTL320% Red FRS 200% N/Blue BLS Black SLD
Manufacturer Miju Co. (China)
User Namyeung D&F Co. (nylon)
N1 N2 N3 N4
Dyestuff
Type Red F-5B 150% Blue F-2RFL160% Black ACE
Manufacturer Clariant Co. (Switzerland)
User Boeun Mulsan Co. (wool)
B1 B2 B3 B4
Dyestuff
Type Red LB Blue 2G Black WA
Manufacturer Hyunjin Co. (China)
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Figure 1. Molecular structures of (a) 1:2 metal complex
dye and (b) reactive dye.
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Table 4. Reactive dyestuff used in this experiment

K1 K2 K3 K4
Dyestuff
Yellow 4GK Red 6GN Blue 3GS Black GR
Manufacturer DKC Co. (Korea)
F1 F2 F3 F4
Dyestuff
Yellow 4G Red 6G Blue 3G Black R
Manufacturer Ciba Geigy Co. (Switzerland)
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Figure 2. Analytic scheme for measuring total and free
chromium in Cr-complex acid dyestuff.

Table 5. Banned aryl amines

Name of aryl amine CAS No.
4-aminodiphenyl 92-67-1
Benzidine(4,4-diaminobiphenyl) 92-87-5
4-Chloro-o-toluidine 95-69-2
2-Naphtylamine 91-59-8
O-Aminoazotoluene 97-56-3
2-Amino-4-nitrotoluene 99-55-8
p-Chloroaniline 106-47-8
2,4-Diaminoanisole(2,4-diaminomethoxybenzene) 615-05-4
4,4'-Diaminodiphenylmethane 101-77-9
3,3"-Dichlorobenzidine 91-94-1
3,3'-Dimethoxybenzidine 119-90-4
3,3'-Dimethylbenzidine 119-93-7
3,3'-Dimethy-4,4-diaminodiphenylmethane 838-88-0
p-Cresidine(2-methoxy-5-methylaniline) 120-71-8
4,4'-Methylene-bis-(2-chloroaniline) 101-14-4
4,4'-Oxydianiline 101-80-4
4,4"-Thiodianiline 139-65-1
o-Toluidine(2-methylaniline) 95-53-4
2,4-Diaminotoluene 95-80-7
2,4,5-Trimethylaniline 137-17-7
o-Anisidine(2-methoxyaniline) 90-04-0
2,4-Xylidine(2,4-dimethylaniline) 95-68-1
2,6-Xylidine(2,6-dimethylaniline) 87-62-7
p-Aminoazobenzene(p-aminoazobenzene) 60-09-3
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Table 6. Analysis of heavy metals in the metal complex dyestuff (unit: mg/kg)

S1 S2 S3 S4

N1

N2 N3 N4 Bl B2 B3 B4

Arsenic (As) - - - -
Mercury (Hg) - - - -
Selenium (Se) - - - -
Antimony (Sb) - - - 30
Zinc (Zn) - - - 1600
Lead (Pb) -
Nickel (Ni) - - - -
Cadmium (Cd) - - - -
Cobalt (Co) - } . .
Tin (Sn) - - - -
Manganese (Mn) - - - -
Iron (Fe) 474
Chromium (Cr) - - - 34316
Copper (Cu) - - - -
Silver (Ag) - -

Barium (Ba) 14 16 177

28

52

- - 29 59 40 59 35
- 15 120 - 77 13 40

546 274 326 212
154665 115077 314410 94132

- : not detected
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Table 7. Analysis of aryl amine on the metal complex dyestuff (umit: mg/kg)

S1 82 83 S4 NI N2 N3 N4:Bl B2 B3 B4
4-Aminodiphenyl - - - - - - - - 116l - - -
Benzidine - - - - - - R - 292 - - 123

4-Chloro-o-toluidine - - - R - - - - - - - -
2-Naphthylamine - - 59 - - - - - - - - -
O-Aminoazotoluene - - - - - - - - - - - -
2-Amino-4-nitrotoluene - - - - - - - - - - - -
p-Chloroamiline - - - - - - - - - - - -
2,4-Diaminoanisole - - - . - - - - - - - _
4,4".Diaminodiphenylmethane - - . - - - . - - - - -
3,3'-Dichlorobenzidine - - - - - - - . - - - -
3,3"-Dimethoxybenzidine - - - - - - . - - - - .
3,3'-Dimethylbenzidine - - - - - - - - - . _ -
3,3'-Dimethyl-4,4'-diaminodiphenylmethane - - - - - - - - - - - -
p-Cresidine - - - - - - - - - - - -
4,4'-Methylene-bis-(2-chloroaniline) - - - - - . - - - - R .
4,4'-Oxidianiline - - - . - _ _ _ _ - - _
4,4'-Thiodianiline - - - R - - - _ _ . R -
o-Toluidine - - - - - - - - - - - -
2,4-Toluylenediamine - - - - - - - - - - - -
2,4,5-Trimethylaniline - - - - - _ _ - - - _ _
p-Aminoazobenzene - - - - - - - - - - - -
o-Anisidine - - - - - - - - - - - 605
2,4-Xylidine - - - - - - - - - - - -
2,6-Xylidine - - - - - - - - - - - -

- : not detected
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Figure 3. Characterization of absorption rate and half-dyeing
time of the metal complex dyestuff S1.
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Table 9. Color fastness of the metal complex dyestuff on various fabrics

Washing Rubbing .
Dyestuff light
acetate cotton nylon PET  acryl wool dry wet
S1 5 5 4-5 5 5 4-5 4-5 4 5
S2 4-5 3 4-5 4-5 4-5 4-5 4-5 4-5 5
S3 4-5 3 2 5 5 4-5 4-5 4 5
S4 5 4 3-4 5 4-5 4-5 4-5 4-5 5
N1 4-5 5 4-5 5 5 4-5 4-5 5 5
N2 5 5 4-5 5 5 4-5 4-5 5 5
N3 5 5 4-5 5 5 4-5 4-5 5 5
N4 5 5 4-5 5 5 4-5 4-5 5 5
B1 5 5 5 5 5 5 4-5 4-5 4-5
B2 5 5 5 5 5 5 4-5 4-5 4-5
B3 5 5 5 5 5 4-5 4-5 4-5 4-5
B4 5 5 5 5 5 4-5 4-5 4-5 4-5
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Table 10. The amount of heavy metals in the reactive dyestuff
(unit: mg/kg)

Ki K2 K3 K4:F1 F2 F3 F4
Arsenic (As) - - - - - - - -
Mercury (Hg) - - - - - - - -
Selenium (Se) - - - - - - - -
Antimony (Sb) - - - - - - - -
Zinc (Zn) 13 9 12 12 i 16 7 39 30
Lead (Pb) e
Nickel (Ni) e T
Cadmium (Cd) - - - - - - - -
Cobalt (Co) - - 3 - - - - -
Tin (Sn) 158 - - 61 {131 13 6 -
Manganese (Mn) | - - - 2 - 5 7 -
Iron (Fe) 43 150 66 181: 22 150 64 132
Chromium (Cr) 7 9 22 10 4 4 - 6
Copper (Cu) 40 34 6 5217 - 15 6
Silver (Ag) - - - - - - -
Barium (Ba) 15 37 3 2 S 2 14 6

- : not detected
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Table 11. The amount of aryl amine in the reactive dyestuff

K1

K2 K3 K4  F1 F2 F3 F4

4-Aminodiphenyl

Benzidine
4-Chloro-o-toluidine
2-Naphthylamine
O-Aminoazotoluene
2-Amino-4-nitrotoluene
p-Chloroamiline
2,4-Diaminoanisole
4,4'-Diaminodiphenylmethane
3,3'-Dichlorobenzidine
3,3'-Dimethoxybenzidine
3,3"-Dimethylbenzidine
3,3'-Dimethyl-4,4'-diaminodiphenylmethane
p-Cresidine
4,4'-Methylene-bis-(2-chloroaniline)
4,4'-Oxidianiline
4.4"-Thiodianiline

o-Toluidine
2,4-Toluylenediamine
2,4,5-Trimethylaniline
p-Aminoazobenzene
o-Anisidine

2,4-Xylidine

2,6-Xylidine

- : not detected

Table 12. Summary of absorption rate and half-dyeing time
of the reactive dyestuffs

Dyestuff | Fabric T (min) Exhaustion (%)
Wool 27 98.5
K1 Silk 5 88.9
Nylon 23 924
Wool 31 95.6
K2 Silk 10 84.7
Nylon 28 93.0
Wool 26 97.8
K3 Silk 5 914
Nylon 27 87.9
Wool 33 99.1
K4 Silk 10 75.6
Nylon 52 63.7
Wool 24 98.1
F1 Silk 6 98.1
Nylon 15 924
Wool 35 97.4
F2 Silk 5 92.6
Nylon 32 92.6
Wool 27 98.7
F3 Silk 5 89.5
Nylon 26 86.4
Wool 34 99.7
F4 Silk 5 95.3
Nylon 43 94.6
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Table 13. Color fastness of the reactive dyestuff on various fabrics

. Washing Rubbing .
Dyestuff | Fabric Light
acetate  cotton nylon PET acryl wool dry wet
Nylon 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 5
K1 Silk 4 4-5 4-5 4-5 4-5 4 4-5 4-5 5
Wool 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4 4-5
Nylon 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5
K2 Silk 4-5 4 4 4-5 4-5 4-5 4 4 4-5
Wool 4-5 4-5 4 4-5 4-5 4 4 3-4 4-5
Nylon 4-5 4 4-5 4-5 4-5 4-5 4-5 4-5 4
K3 Silk 4 3-4 4 4 4-5 3-4 4-5 4 4-5
Wool 4-5 4-5 4-5 4-5 4-5 4-5 4 3-4 4
Nylon | 45 4 45 45 45 4 | 45 45 4
K4 Silk 4 3-4 4-5 4-5 4-5 4-5 4-5 3-4 3
Wool 4-5 4-5 4 4-5 4-5 4-5 4 4 4
Nylon 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 5
F1 Silk 4-5 4-5 4 4-5 4-5 4-5 4-5 4-5 5
Wool 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4 4-5
Nylon | 45 4 45 45 45 45 45 45 | 45
F2 Silk 4-5 4 4 4-5 4-5 4 4-5 4 4-5
Wool 4-5 4-5 4-5 4-5 4-5 4-5 4 3-4 3-4
Nylon 4-5 4 4-5 4-5 4-5 4-5 4-5 4-5 4
F3 Silk 4-5 4 4 4 4-5 4-5 4-5 4-5 4
Wool 4-5 4-5 4-5 4-5 4-5 4-5 4 3-4 4
Nylon 4-5 3-4 4-5 4-5 4-5 4 4-5 4-5 3-4
F4 Silk 4 3 4 4 4-5 4 4-5 4-5 3-4
Wool 4-5 4-5 4-5 4-5 4-5 4-5 4 34 4
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